Abstract
risk association between geographic altitude and cancer. However, contradicting results have been reported in which the expression of hypoxia-inducible factors (HIFs), Vitamin D activity, ultraviolet (UV) radiation effect, or even oxygen toxicity and physiological changes in pH, were considered as a possible explanation [3] . Nevertheless, these studies do not demonstrate a risk association between getting or dying from cancer in the Ecuadorian Andean population. Studies directed to clarify the effect of living at high altitude in different populations would be necessary for the enrichment of cancer therapeutics and prevention, something that might be valuable as cancer occupies several positions among the leading causes of mortality.
The objective of this study is to determine the influence of living at a higher geographical altitude on the risk of developing and dying from cancer among the Ecuadorian population as the result of breast, cervix, stomach, colorectal, liver and bile duct, and hematopoietic cancer.
Methods
We performed an ecological study conducted between October 2016 and May 2017, at Quito, Ecuador, using an epidemiological, descriptive and retrospective design, based on the association of prevalence and mortality rates in high altitude provinces compared to low altitude provinces from Ecuador.
Living at high altitude was considered the exposure factor. Therefore, we classified all the data according to the region in highland regions (HR) and low-lying regions (LR); these two groups were used during all the comparisons and risk associations made in this study.
Study Location
Ecuador is a country crossed by the Andes mountains, a feature that places the regions at different altitudes above sea-level ( Figure 1 ); HR and LR. The HR, also known as Sierra, comprising 10 provinces, is located in the foothills and valleys of the Andes Mountains, with its population situated at an altitude ranging from 600 to 5000 masl (meters above sea-level) and the highest population density over 2000 masl. Additionally, the LR that include: Coastal, Amazon and insular areas (Galapagos), constitute 14 provinces located at an altitude ranging from 0 to 1000 masl, with the highest population density concentrated in cities below 600 masl [4] .
Data extraction
The data were extracted from the database created by the Instituto Nacional de Estadísticas y Censos del Ecuador (Ecuadorian National Statistics and Census Institute) (INEC) employing the REtrieval of DATa for Small Areas by Microcomputer (REDATAM) system, published and available at the web portal of the institution. Data corresponding to the period between 2005 and 2014 were selected [5, 6, 7] . Such data, according to INEC, were provided by 780 public and private institutions nationally.
From the total number of published variables, the following annual data were selected: (a) Total population by province; (b) total number of hospital discharges by province; (c) number of hospital discharges by province, specifically for the following types of cancer: Stomach, colorectal, breast, cervix, liver and intrahepatic biliary tract, and lymphatic and hematopoietic tissues; (d) number of deaths registered by province; (e) number of deaths by province due to the following types of cancer: Stomach, colorectal, breast, cervix, liver and intrahepatic biliary tract, and lymphatic and hematopoietic tissues. We excluded the data obtained from Ecuadorians residing abroad (1.94% of the population) and inhabitants of un-demarcated zones (0.22% of the population). 
Prevalence and mortality rates
On account of the different population density among both established groups, data were standardized and presented as epidemiological rates, calculating the overall prevalence of all cancer types included in this study, and those specific epidemiological rates in each kind of cancer investigated per province, according to the following formula [8] :
Prevalence:(All cases of the disease in the established period)/(Total population at the midpoint of the time period) Similarly, the overall mortality for all types of cancer and specifically to each type of cancer was investigated per province, calculated through the formula [8] :
Mortality:(Total deaths due to the disease in the established period)/(Total population at the midpoint of the time period)
The rates calculated were expressed in the number of cases and deaths for every 100 000 inhabitants. The results of prevalence and mortality were averaged by province, group, and total years.
Data analysis and statistics
The statistical significance was determined using the SPSS v.20 software package, using the mean differences (MD) among the rates calculated in the groups, and t test. Furthermore, with the values of the population diagnosed and deceased, according to each type of cancer investigated, as well as the population not affected by the types of cancer analyzed, the risk association was calculated using the Odds Ratio (OR).
Results
Between the years 2005 and 2014, in Ecuador, an annual average of 2 498 cases of colorectal cancer, 3 324 cases of stomach cancer, 4 968 cases of breast cancer, 724 cases of lymphatic and hematopoietic cancer, 2 082 cases of cervix cancer, and 732 cases of liver/biliary tract cancer were recorded for an average population of 14 584 069 inhabitants, and 997 666 hospital discharges reported nationally during the ten year period. Breast cancer presented the highest rate of prevalence among the types of cancer investigated nationally, appearing on an average of 430/100 000 (95% CI: 429.30-430.69) followed by stomach cancer with a prevalence about 369/100 000 (95% CI: 368.01-369.59). Moreover, an annual average of 14 217 deaths was reported throughout the country. Besides, stomach cancer mortality was the highest among the studied group, with a rate of 11/100 000 (95% CI: 10.94-11.01), followed by liver and biliary tract cancer, with a mortality rate of 4/100 000 (95% CI: 3.99-4.01).
Cancer prevalence and mortality rates in Ecuador According to the prevalence and mortality rates for each cancer type and province, the province of Loja presented the highest prevalence of all kinds of cancer included followed by Azuay (Figure 2 ). These rates differ significantly from the national average. As regards mortality, the province of Carchi presented the highest rate of mortality for all types of cancer studied followed by the province of Imbabura ( Figure 3 ).
Figure 2.
Cancer prevalence rates in Ecuador classified by provinces. This figure only includes the prevalence rates for the average of all the cancer types included in this study (stomach, colorectal, breast, cervix, liver and intrahepatic biliary tract, and lymphatic and hematopoietic tissues). Prevalence rates expressed using number of cases over 100000 habitants. HABS: habitants; FCO: Francisco. Cancer mortality rates in Ecuador classified by provinces. This figure only includes the mortality rates for the average of all the cancer types included in this study (stomach, colorectal, breast, cervix, liver and intrahepatic biliary tract, and lymphatic and hematopoietic tissues). Mortality rates expressed using number of cases over 100000 habitants. HABS: habitants; FCO: Francisco.
High prevalence of cancer in Ecuadorian south highlands
The prevalence values obtained for all the types of cancer included were very high in the southern area of the HR. Thus, we divide this area into two subgroups; Northern Highlands (includes the five provinces of the Ecuadorian highlands: Carchi, Imbabura, Pichincha, Cotopaxi, and Tungurahua) and the southern highlands (includes five southern provinces of the Ecuadorian highlands: Chimborazo, Bolívar, Cañar, Azuay, and Loja). The statistical analysis was performed according to the detailed methodology.
Mean difference between prevalence and mortality rates of cancer obtained for groups according to geographic altitude.
The prevalence of all types of cancer studied was higher in the HR compared to the population of the LR; significantly for breast cancer and stomach cancer. Similarly to the prevalence comparison between the southern highland group and those from the low-lying regions (Table I) .
On comparing the mortality rates, the overall mortality rate for all types of cancer was significantly higher in the highland group as compared to the group in the lowlying regions. As for the southern highland subgroup, it was demonstrated a higher mortality rate on an average for all types of cancer compared to the group from the low-lying region; with no statistical difference for colorectal cancer, cervical cancer, myeloma or plasma cell cancer (Table I) . Odds Ratio of living at high altitude associated as risk factor for getting cancer or dying by cancer.
It was established a higher risk of contracting cancer for inhabitants from the group of provinces in the highlands as compared to those in the low-lying regions; being greater for liver and biliary tract cancer. Additionally, there was higher risk of contracting cancer for the southern highland subgroup, especially for stomach cancer. Comparatively, it was demonstrated that there was no risk for any type of cancer in the northern highlands subgroup as compared to the groups from the low-lying regions. However, analyzing each type of cancer, it was determined more risk of contracting stomach cancer and liver/biliary tract cancer in the northern highlands subgroup compared to low-lying regions population (Table II) . Table I . Mean difference between prevalence and mortality rates due to cancer obtained for groups according to geographic altitude (95% CI). As regards the risk of death due to cancer, the inhabitants of the highland regions presented higher risk of dying from all types of investigated cancer compared to inhabitants of low-lying regions. The inhabitants of the northern highland group presented, on an average, 1.13 times more risk of death from all types of cancer included, except cervical cancer. Additionally, for inhabitants of the southern highland region, there was more risk of dying from cancer, which was very significant for stomach cancer, liver and biliary tract cancer, as well as myeloma and plasma cell cancer, as compared to low-lying regions population (Table II) .
Discussion
In an effort to understand how geographical altitude influences the development of cancer, we performed an epidemiological and ecological analysis, made on the basis of Ecuadorian registers of patients hospitalized for this condition. Our data reported an increased incidence of colon, gastric, lymphatic, hematopoietic, liver, biliary system, uterine, and breast cancer among the population living in the highlands, and also, a significant increase in mortality rates and risk of death from cancer associated with living at a geographic altitude greater than 2000 masl, which was demonstrated in a majority of the types of cancer included in this study.
Hypoxic conditions in high altitude, and Hypoxia Inducible Factors (HIFs) activity in cancer
One of the reasons we considered for the explanation of this phenomenon was the effect of the hypobaric and hypoxic conditions in which the inhabitants of higher geographic altitudes lived [9] . Cellular hypoxia could alter the genetic transcription or produce post-translational protein changes. Moreover, HIFs are the most important regulators of cellular response to oxygen (O2). Among the consequences of HIF stabilization, the cells subject to hypoxia could express genes responsible for cellular proliferation, angiogenesis, metastasis, and metabolism [10] .
The increase in HIF availability is a constant that remains conserved in populations living at higher geographic altitudes [11] . In addition, there is a decrease in the O2 supply in neoplasms that show rapid growth. In this case HIF-1α assists those tumor cells by changing the metabolism of glucose, increasing the angiogenesis and also improving the conditions to metastasis [12] . Angiogeny mediated by HIF-1α is the result of the transcriptional induction of pro-angiogenic genes, among which the Vascular Endothelia Growth Factor (VEGF) is highlighted. Additionally, HIF-1α favors metastasis through the expression of oncogenic growth factors [13] . All these characteristics attributed to HIFs can increase tumor aggressiveness, tissue expansion, metastasis, and also increase resistance to radio-and chemotherapy, which may explain the higher mortality as well as the increased risk of dying from cancer, which we have identified in the Ecuadorian population that lives over 2000 masl, [14] .
The types of cancer that have remained equally significance in the comparisons made in our study are stomach, liver and biliary tract, and breast. A study (Nakamura, 2010 ) that analyzed 91 samples from a stomach cancer resection demonstrated a greater expression of HIF-1α in patients with poor improvement and survival (p = 0.026 and p = 0.014, respectively) [15] . This result is consistent with our outcome and with the evidence in those countries which are part of the mountainous regions of Pacific Latin America, where the areas at a higher geographic altitude have elevated rates of this type of cancer, except in Mexico and Chile [16] . With respect to the hepatic neoplasms (Ryu, 2008) , the expression of metastatic tumor antigen-1 (MTA1), a stabilizer of HIF-1α activity in Hepatocellular carcinoma (HCC), was associated with larger tumors (p = 0.04), microvascular invasion (p = 0.008), greater recurrence (p < 0.0001), and less survival (p < 0.0001), even with Hepatitis B Virus (HBV) infection (p = 0.017) [17] . As regards the biliary tract (Thongchot, 2014) , the expression of HIF-1α is associated with greater metastasis and poor prognosis in cholangiocarcinoma (p < 0.05) [18] , data that is concordant with the results found in our study. Aditionally, a study (Dales, 2005 ) that included 745 patients demonstrated that the expression of HIF-1α is a predictor of metastasis risk (p = 0.03) and relapse (p = 0.035) in breast cancer [19] . New studies are required to determinate the use of cancer therapy based on the direct or indirect inhibition of HIF pathways, or the use of oxygen as adjuvant in neoplastic control.
Cancer prevalence and mortality in South HR; a problem to investigate Upon subdividing the HR into Northern and Southern sub-regions, we observed the difference in the mortality and prevalence of various types of cancers. Particularly in Azuay and Loja. The cause for this difference is inexplicable through the methodology used in this work. However, some reason could be; illegal mining and subsequent contamination of water sources in several populations at the southern highlands, ethnic population of each region and their sociocultural characteristics, and the frequency of risk factors for each type of cancer established in particular communities. However, there is a lack of publications on the Ecuadorian population to explain this effect.
Radiation in Ecuadorian high altitude
Other factors that should be considered in the Ecuadorian Andean population are exposure to intense solar radiation [20, 21] . Unlike in our findings, some studies demonstrate that solar radiation reduces the risk of cancers of the digestive tract organs, breast, and leukemia, but an increased risk of cervical, uterine, and liver cancer was suggested [22] . However, the amount of solar radiation in the Ecuadorian highlands tends to be different in comparison to where these studies were conducted [23] .
There are no available investigations on the effect of solar radiation and the risk of cancer in our population.
In contrast to our results, studies in the United States of America have suggested greater protection against cancer in populations living at a higher geographical altitude [24] . This could be explained by vitamin D activity, which has an anti-neoplastic effect through decreasing cancer progression, angiogenesis, and tumor migration, however, inconsistent results exist in the epidemiological studies and clinical trials that demonstrate its benefit [25] .
Influence of diet and infectious diseases in Ecuadorian population
The quality of diet has been associated with the improvement of health in cancer patients. An inflammatory diet, characterized by sugar, refined starches, saturated, and trans-fatty acids, low antioxidants, poor fiber, and lack of omega-3 fatty acids, causes an increased production of pro-inflammatory and inflammatory biomarkers [26] . This is associated with an increased risk of colorectal cancer [27] , while the intake of foods containing dietary fiber decreases the risk of this condition [28] . The higher fiber and polyphenol intake is also associated with a decreased risk of breast cancer [29] . The fruit-and vegetable-based diets have a protective effect in gastric cancer, but H. pylori is a significant risk factor [30] . In addition, the presence of H. Pylori is remarkable in the Ecuadorian population [31] . It is important to consider that in Latin America, hepatitis B and C virus infection is a growing health problem and remains unknown its impact on the prevalence and mortality of liver cancer in our population [32] . Another important pathogen is the Human Papilloma Virus (HPV), which in Latin America is strongly associated with cervical cancer [33, 34, 35] .
According to the ENSANUT-ECU 2012 (Encuesta Nacional de Salud y Nutrición-Ecuador 2012, National Health and Nutrition Survey-Ecuador 2012) report, a diet based on carbohydrates and refined starches and insufficient consumption of fiber is a constant in all the Ecuadorian regions. Nevertheless, there are undeniable regional differences according to dietary habits and consumption of different nutritional products. Another report of ENSANUT-ECU 2012 shows the consumption of alcohol in Ecuador varies from 45.1% to 72.7%, being very uniform among all the provinces [36] . However, further studies are needed in which these two variables, diet, and infectious diseases show influence on people suffering or dying from cancer. It is important also to consider that the Amazon region has the largest oil industry in the country. So, we believe necessary that future studies assess the condition of the Amazonian population.
Lack of access to health services A problem that should be considered analyzing our results is the possible lack of access to specialized services in some populations of the LR, which obligates oncologic patient to migrate to HR searching for an integral and more specialized treatment in cities such as Quito and Cuenca. However, we don't have enough information to affirm this idea.
The lack of access to health services in cancer control certainly is also a public health problem with high economic and social impact. Therefore, is necessary the identification of the limiting factors in health access, mainly in rural communities.
Limitations This study has important limitations that must be considered, as they are: The absence of tumor markers, diagnostic criteria, and clinical manifestations in the data we used, which exclude dietary, socioeconomic, ethnics, and infection by pro-carcinogenic viruses or bacteria, in the patients included in this study. It is important for subsequent research to use the data that each medical record can provide. Among the questions that have been generated by this study are the need to study the variation of HIF expression at different heights in the Ecuadorian population, as well as to determine how the levels of vitamin D vary, and the effect that it has, along with radiation, on neoplastic genesis. To this we should add the absence of available data regarding genetic, epigenetic, and infectious mechanisms and their impact on the studied population. We consider it necessary to repeat studies such as this study, and to use data from national registries to obtain a broader view on how geographic altitude influences the progress of those patients suffering from neoplastic diseases.
The evidence of the risk of living at a high altitude could be an important key in the efficacy of anti-neoplastic therapy in Andean patients, and could be a significant factor in optimizing resources of public health in cancer screening; however, a more detailed study of molecular pathways and other risk factors is needed in the population included in this study.
Ethnic differences in the risk of cancer A large number of Amerindian tribes, Africans, and European ancestors originate a complex ethnic diversity in the Ecuadorian population, in which Kichwa population is mainly located in the High Altitude [37] . This observation is important considering our results; however, there are at least 32 Kichwa tribes [38] . The identification of genetic differences in diverse ethnic groups could improve the understanding of risk factors to improve the medical evaluation and also to understand the possible response and outcomes in cancer therapeutic [39] . However, there is a lack of investigations about the genetic variability between Ecuadorian people living at HR and LR, in the types of cancer included in this study.
Conclussion
According to our findings, geographic elevation could be a condition that increases the risk of developing or dying from; gastric, colorectal, breast, cervical, liver and intrahepatic biliary cancer, or Lymphatic/Hematopoietic neoplasm. Therefore, the clinical evaluation of patients who are affected by these neoplasms should include their place of residence, as well as their socioeconomic and dietary conditions, to provide a more personalized treatment. Our results only corroborate a previous altitude study that shows a risk association of gastric cancer in mountainous regions of Pacific Latin America. Thus, we recommend investigating the effect of living at high altitude in wellcontrolled studies to clarify these findings.
